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Significance of the PIK3CA mutations 
in the differential diagnosis of ovarian 
epithelial carcinoma

Abstract 

Background: Ovarian carcinoma, one of the most common gynecological malignancies in Central and Eastern 
Europe, is characterized by a clinical and genetic heterogeneity with a distinct molecular signature for each hi-
stologic subtype. Materials and methods: Here, we established the frequency of the PIK3CA mutations and am-
plifications in 100 FFPE tissues with the initial diagnosis of serous ovarian carcinoma. Accordingly, the diagnostic 
value of combining morphology with genetic and immunohistochemical testing was estimated in this cohort.
Results: The PIK3CA mutations and amplifications were found in 4.1% (4/97) and 7.2% (7/97) of samples, re-
spectively with a higher prevalence in low-grade tumors (p=0.0121). All identified variants were classified as 
pathogenic missense mutations, located within the PIK3CA mutational hotspots. In the light of the molecular and 
immunohistochemical results, two tumors with the somatic PIK3CA mutations and strongly positive expression 
for PI3K and hNF1β were eventually re-classified from serous to clear cell carcinomas after pathological re-evalu-
ation. Conclusions: These findings demonstrate that the PIK3CA mutational screening facilitated establishing an 
accurate diagnosis of ovarian carcinomas and, more importantly, might allow for personalized treatment optimi-
zation. As the PIK3CA mutations result in the PI3K/AKT pathway deregulation, the individuals with the somatic 
PIK3CA variants may be eligible for personalized targeted therapies with PI3K inhibitors.
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Introduction

Besides the tumor suppressor genes BRCA1 (MIM: 
113705) and BRCA2 (MIM: 600185) other cancer-relat-
ed genes have been associated with pathogenesis and 
progression of ovarian cancer (OC) [1-2]. Indeed, each 
histological subtype of OC is reflected by the specific 
tumor molecular signature what enables establishing 
a widely accepted classification of OC into type I and 
type II tumors developing through different pathways 
[3]. Besides the BRCA1/2 susceptibility genes, high-
grade serous ovarian tumors (type II) are characterized 
by genomic instability, including frequent mutations in 
TP53 (MIM: 191170), NF1 (MIM: 613113) and/or CDK12 
(MIM: 615514), while clear cell and endometrioid carci-
nomas (type I) mostly harbor alterations in the ARID1A 
(MIM: 603024), PIK3CA (MIM: 171834) or PTEN (MIM: 
601728) genes [4].

The PIK3CA gene encoding the catalytic subunit 
p110α of phosphatidylinositol 3-kinase (PI3K) is mu-
tated or amplified in a broad spectrum of neoplasms 
including colon, breast, ovarian, endometrial, gastric, 
thyroid, cervical cancer as well as brain tumors, result-
ing in the deregulation of the PI3K/AKT signaling path-
way [5]. The over-activation of the PI3K/AKT pathway 
contributes to the progression and tumorigenesis in OC 
and, importantly, may be followed by resistance to che-
motherapy [6-9]. However, recent studies demonstrat-
ed that this pathway may play an attractive therapeutic 
role in OC with several agents, i.e. PI3K inhibitors that 
are currently being explored in pre- and clinical trials 
[4,10].

In this study, we established the spectrum and fre-
quency of the PIK3CA mutations and amplifications in 
100 formalin-fixed paraffin-embedded (FFPE) tissues 
with the initial diagnosis of serous OC. In addition, the 
diagnostic value of combining morphology with genetic 
and immunohistochemical testing was estimated in the 
group of individuals with OC.

Materials and methods

Materials and methods

Samples selection and histopathological review
Aim
A total of 100 FFPE OC samples were enrolled to 

the study. All tissue samples were collected between 
2008 and 2012 and have been stored in the archives 
of the Department of Pathomorphology at the Med-
ical University of Gdansk. Hematoxylin-eosin (H&E)-
stained tumor tissue sections were reviewed inde-
pendently by two pathologists (A.G. and W.B.). The 
initial histological diagnosis of serous OC and the tu-
mor tissue content were evaluated for all samples. To 

obtain a concentration of at least 50% of cancer cells, 
tissue macrodissection was performed. Briefly, 84% of 
individuals (84/100) were diagnosed with high-grade 
tumors, mostly with IIIB (25%) and IIIC (54%) tumor’s 
stage. The mean individual age at diagnosis was 60 
years (range: 36-81).

The study was approved by the local ethics com-
mittee at the Medical University of Gdansk. All individ-
uals provided informed written consent prior to study 
enrollment. 

DNA extraction
Aim
Genomic DNA was extracted from the macrodis-

sected FFPE tissues using Cobas DNA Sample Prepara-
tion Kit (Roche) following the manufacturer’s protocol. 
NanoDrop 1000 UV Spectrophotometer and Qubit 
Fluorometer (ThermoFisher Scientific) were used to 
check the quantity and quality of isolated DNA.

Mutational analysis
Aim
The PIK3CA gene mutation screening of exons 1, 4, 

7, 9 and 20 was performed using cobas® PIK3CA mu-
tation kit (Roche) in DNA derived from all FFPE tissue 
samples following the manufacturer’s protocol. The 
presence of the pathogenic PIK3CA variants was con-
firmed by next-generation sequencing (NGS) analysis 
with Tumor Hotspot MASTR plus kit (Agilent). The 
somatic origin of the alterations, i.e. the paucity of 
the mutations in the normal tissues, was determined 
by bidirectional Sanger sequencing (ABI PRISM 3130, 
Life Technologies) and by cobas® PIK3CA mutation kit 
(Roche). In all samples, the comprehensive analysis 
of the BRCA1/2 genes testing was done as part of our 
previous study [11].

To explore the presence of the PIK3CA amplifica-
tion and/or the ploidy, samples were tested by dual in 
situ hybridization (DISH) method using PIK3CA-specific 
and centromer 3-specific (CEP3) probes on the Bench-
Mark GX automated system (Ventana Medical Systems, 
Inc.) according to the manufacturer ’s protocol. 
A quantitative scoring algorithm was applied to 50 rep-
resentative non-overlapping nuclei within the invasive 
region per specimen. To assess gene copy number, PIK-
3CA and CEP3 signals were counted and used for the 
resulting ratio calculation. The PIK3CA gene status was 
classified as non-amplified (PIK3CA/CEP3 ratio <2.0) or 
amplified (PIK3CA/CEP3 ratio ≥2.0). 

The nomenclature of the mutations was based on 
PIK3CA mRNA sequence NM_006218.2, BRCA1 mRNA 
sequence NM_007294.3 and BRCA2 mRNA sequence 
NM_000059.3 according to the recommendations of 
the Human Genome Variation Society (HGVS).

24 Eur J Transl Clin Med 2018;1(2):23-30



25Significance of the PIK3CA mutations in the differential diagnosis...

Immunohistochemical staining
Aim
Immunostaining was performed on tissue microar-

rays (TMAs) of the representative tumor site from FFPE 
tissue sections. With Manual Tissue Arrayer MTA1 
(Beecher Instruments Inc., Sun Prairie, USA), two cy-
lindrical cores of 1.0 mm diameter were removed from 
each donor paraffin block and transferred to pre-mold-
ed recipient paraffin blocks at defined array positions. 
The presence of PI3K protein in TMAs was assessed 
by immunohistochemical staining with monoclonal 
rabbit antibody against p110α PI3K, clone C73F8 (Cell 
Signaling Technology Inc., Danvers, USA) with dilution 
1:50, using the Novolink Polymer Detection System 
(Novocastra, Wetzlar, Germany) with appropriate pos-
itive and negative controls included. Each core was in-
dividually evaluated according to the H-score system 
[12]. To exclude the diagnosis of clear cell carcinoma, 
all TMAs samples were immunostained with the poly-
clonal rabbit hNF1- β antibody against human HNF1 
homeobox B (Sigma-Aldrich, St. Louis, USA) of 1:100 
dilution, and in cases showing any nuclear positivity 
the staining was repeated on the whole slides.

Statistical analysis
Aim
For univariate analysis, two-tailed Fisher’s exact test 

was used to compare categorical variables with a p-val-
ue < 0.05 considered as statistically significant. All statis-
tical analyses were performed with GraphPad software. 

Results

PIK3CA alterations
Aim
The pathogenic PIK3CA mutations and amplifica-

tions were identified in 4/97 (4.1%) and 7/97 (7.2%) 
samples, respectively (Figure 1 and Table 1). Three 
samples (#8, #34 and #95) were excluded from the mo-
lecular analysis due to the low quality of DNA. Among 
the positive PIK3CA missense variants, c.1634A>C (p.
Glu545Ala) and c.1624G>A (p.Glu542Lys) in exon 10 
as well as c.3140A>G (p.His1047Arg) and c.3140A>T 
(p.His1047Leu) in exon 21 were found; each observed 
in a single tumor as a somatic alteration (samples #22, 
#44, #20 and #43, respectively). The PIK3CA mutations 
or amplifications were more common in low-grade 
tumors compared to high-grade samples (33.3% ver-
sus 7.3%; p=0.0121; Table S1). We did not observe the 
presence of the gene amplification in combination 
with the PIK3CA point mutation.

Pathogenic variants in BRCA1/2
Aim
Of the 11 tumors with the PIK3CA mutation or 

amplification, two samples (#13 and #36) had an ad-
ditional variant in the BRCA2 gene: c.5328dupT (p.Leu-
1777Glufs*4) and c.5993_5997dupAAGTG (p.Phe-
2000Lysfs*6), respectively (as detailed in Table S2). 
Due to the lack of normal tissue for case subject #13, 
the germline origin of the aforementioned alteration 
was confirmed only in sample #36. The comprehen-
sive BRCA1/2 analysis in the studied material was per-
formed by NGS as part of our previous study [11].

Immunohistochemical analysis and diag-
nosis refinement 

Based on the routine histopathological examina-
tion, initially all samples were classified as serous OC 
(Figure 2A). Additional immunohistochemical analy-
sis revealed a high expression (+++) for PI3K in all tu-
mors carrying the PIK3CA mutations or amplifications 
(Figure 2C-D). Moreover, two samples (#22 and #43) 
were strongly positive (+++) for hNF1β (Figure 2E). In 
the light of immunohistochemical and genetic results, 
these samples were eventually diagnosed as clear cell 
carcinomas after independent re-evaluation by two 
expert pathologists. The remaining tumors were char-
acterized by negative (-) or weak (+) PI3K and hNF1β 
expression (Figure 2F). The algorithm of the study ap-
proach is shown in Figure 3. 

Discussion

As OC are characterized by a clinical and genetic 
heterogeneity with different treatment sensitivity and 
prognosis, it is critical to make a definitive histological 
diagnosis. In the current study, the spectrum and fre-
quency of the PIK3CA mutations and amplifications in 
100 FFPE samples with the initial diagnosis of serous 
OC was established. Additionally, we estimated the ef-
ficacy of implementation the expanded genetic testing 
panel, comprising PIK3CA mutation screening, into the 
routine diagnostic procedures in OC. 

The spectrum of the PIK3CA mutations has been 
widely studied in numerous neoplasms, including 
breast and ovarian cancer [5]. Although PIK3CA is one 
of the most commonly mutated oncogenes in human 
malignancies with over 13,000 tissue samples carrying 
the PIK3CA pathogenic variants (as reported in the 
COSMIC database as of November 2018), the preva-
lence of the somatic PIK3CA mutations in OC is moder-
ate. As the overall frequency is estimated at 4-12%, de-
pending on the histological subtype, the finding of the 
PIK3CA variants in 4.1% (4/97) of the samples in our 
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Table 1: Spectrum of the PIK3CA alterations in ovarian carcinomas

Case 
no.

Age Mutation Exon RS number Classification a Immunohistochemistry FIGO 
stage

Diagnosis b

 #44 42
c.1624G>
A (p.Glu-
542Lys)

10

 

 rs121913273     Pathogenic     PI3K (+++), hNF1B (-) IIA serous

 
 #22 58

c.1634A>
C (p.Glu-
545Ala)

10 rs121913274     Pathogenic  PI3K (+++), hNF1B (+++) IA clear cell

 #20 79
c.3140A>
G (p.Hi-

s1047Arg)
21 rs121913279     Pathogenic PI3K (+++), hNF1B (-) IIA serous

 #43 54
c.3140A>

T(p.
His1047Leu)

21  rs121913279     Pathogenic  PI3K (+++), hNF1B (+++) IA clear cell

 #9 44 Amplification N/A N/A N/A PI3K (+++), hNF1B (-) IIIB serous

 #11 46 Amplification N/A N/A N/A PI3K (+++), hNF1B (-) IIIC serous

#13c 51 Amplification N/A N/A N/A PI3K (+++), hNF1B (-) IIIB serous

#36c 76 Amplification N/A N/A N/A PI3K (+++), hNF1B (-) IIIC serous

 #49 58 Amplification N/A N/A N/A PI3K (+++), hNF1B (-) IIA serous

 #83 40 Amplification N/A N/A N/A PI3K (+++), hNF1B (-) IIIC serous

 #85 58 Amplification N/A N/A N/A PI3K (+++), hNF1B (-) IIIA serous

a Variants’ classification reported in the publicly available databases, including ClinVar and HGMD.
b Based on the molecular and immunohistochemical analysis, in two cases (#22 and #43) the initial diagnosis of serous ovarian carcino 

   ma was refined to the clear cell ovarian carcinoma (in italics) after histological re-evaluation by two independent pathologists. 
c Tumors with presence of an additional pathogenic variant in the BRCA2 gene (#13 and #36). 

   N/A: not applicable

cohort is in line with expectations [13-16]. Campbell et 
al. (2005) and Wang et al. (2005) reported that the PIK-
3CA variants predominantly clustered among clear cell 
and endometrioid OC compared to serous carcinomas 
(20% versus 2.3%), suggesting different mechanisms 
of their pathogenesis [14,16]. In this study, the pres-
ence of the PIK3CA mutations was observed in tumors 
with the initial diagnosis of serous carcinomas that 
may likely explain such a low detection rate. Moreover, 
two PIK3CA mutational hotspots locations have been 
described in the highly conserved regions within the 

helical and kinase domains of the PI3K subunits (exon 
10 and 21, respectively) with the estimated frequen-
cy of over 80% of all somatic missense mutations [5]. 
Functional studies demonstrated that these mutations 
affect the cellular transformation in vivo and in vitro 
by increasing the kinase activity [17-18]. In this study, 
the PIK3CA variants were identified exclusively within 
these hotspots, suggesting functional importance.

The PIK3CA amplification, another mechanism ac-
tivating PI3K/AKT pathway, has been reported in OC 
more frequently than point mutations (16%-25% ver-
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Figure 1. A heat map with the mutation pattern of the PIK3CA and BRCA1/2 genes in ovarian carcinomas

a PIC3CA mutation; b PIC3CA ampflification

   The column represents each tumor sample, while each row represents a gene (red and orange –PIK3CA; dark green – BRCA1; light 

green – BRCA2). Asterisks (*) indicate the tumor samples with diagnosis refinement based on the molecular and immunohistoche-

mical results (#22 and #43). Three samples (#8, #34 and #95), excluded from the study due to the low DNA quality, are shown as the 

black and white pattern.

sus 4-12%), but no clear bias towards any particular 
histological subtype was observed [14,19-21]. Taken 
together, the overall frequency of the PIK3CA muta-
tions and amplifications in the studied cohort was 
11.3% (11/97) that is slightly lower compared to pre-
vious reports [14,21]. Indeed, the PIK3/AKT pathway is 
reported to be activated in approximately one third of 
OC cohort, but comprising mostly of samples with the 
clear cell histological subtype [4]. In this study, all tu-
mors represented serous OC, mostly high-grade (84% 
with the stage III), except for two cases with the diag-
nosis refinement to clear cell OC (Table 1 and Figure 3). 
That likely explains the differences in the overall fre-
quency of the PIK3CA alterations between our studied 
group and the previously described cohorts. 

With the rapid development and accessibility of ge-
nomic technology, genetic testing is becoming increas-
ingly important in the clinical management of cancer 
patients and expecting to be widely implemented in 
routine oncological practice. That facilitates not only 
establishing an accurate diagnosis, but, more impor-
tantly, allows for personalized treatment optimization. 
As demonstrated by Italiano et al. (2016), the molec-
ular genetic results enabled for the diagnosis refine-
ment in ~14% (53/384) of soft tissue sarcomas sam-
ples, suggesting that genetic testing should be 
a mandatory step in soft tissue sarcomas diagnostic 
approach even if the histological diagnosis is made by 
the expert pathologists in the field [22]. In this study, 
two tumors (#22 and #43) were wrongly classified as 
serous OC prior to molecular testing (Figure 3). Only 
the identification of the PIK3CA mutations, commonly 
present in endometrioid and clear cell OC, casted 

a shadow of doubt on the accuracy of the initial histo-
logical diagnosis in these samples [3-4]. Therefore, we 
believe that genomic profiling of tumors, including at 
least mutational screening of the cancer-related genes 
specific for each histological subtype (i.e. PIK3CA, PTEN, 
ARID1A, NF1 and/or CDK12) might offer benefits also 
in the differentiation of OC.

Although the BRCA1/2 mutation-positive tumors 
represent the most common group of OC tumors and 
these women are eligible for the poly(ADP-ribose) 
polymerase 1 inhibitors (iPARP1) targeted therapy [23], 
there is a need to develop new effective treatment al-
ternatives. Another advantage of the PIK3CA mutation 
screening in OC is the possibility of the application the 
targeted therapies in individuals with the PIK3CA mu-
tation-positive tumors. As the PI3K/AKT pathway is fre-
quently deregulated in selected histological subtypes 
of OC, inhibition of PI3K seems to be a worthwhile 
treatment strategy in these individuals. To date, sever-
al PI3K inhibitors have been tested in pre- and clinical 
trials and the most promising results are observed in 
combination with other targeted therapies, such as 
MEK inhibitors, anti-angiogenic therapy and hormonal 
therapy in selected OC individuals [24-25]. Moreover, 
the PIK3CA alterations are reported to play a signifi-
cant role in acquiring chemoresistance in OC cells, all 
the more so, it is critical to diagnose those tumors ear-
ly enough to implement an appropriate treatment in 
these individuals and consequently improve their clin-
ical prognosis [7-8,21].

As effective cancer treatment starts with the correct 
pathological diagnosis, genetic testing may play 
a complementary role in this critical diagnostic process. 
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In the current study, the initial misdiagnosis of two OC 
samples was re-evaluated after providing the additional 
molecular and immunohistochemical results. Moreover, 
we confirmed the frequency of the PIK3CA mutations 
and amplifications in OC samples, and more importantly, 
demonstrated that the genomic profiling along with the 
detailed histological and immunohistochemical exam-
inations may resolve the diagnostic dilemma. Although 
the PIK3CA alterations affect only a small percentage of 
OC tumors, it is still important to evaluate their muta-
tional status because these individuals may be eligible 
for the personalized targeted therapies.

Abbreviations

OC: ovarian carcinoma; FFPE: formalin-fixed paraf-
fin-embedded tissue sample; PI3K: phosphatidylinosi-
tol 3-kinase; NGS: next-generation sequencing; H&E: 
hematoxylin & eosin; DISH: dual in situ hybridization; 
TMA: tissue microarray  

Figure 2 A-F. Hematoxylin and eosin (H&E) staining (panels A-B) and immunohistochemical analysis of phosphatidylinositol 3-kinase 

(PI3K) and hNF1b expression (panels C-D and E-F, respectively) in serous and clear cell ovarian carcinomas (magnification, ×40)
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Figure 3. Algorithm of the study approach in the differential diagnosis of epithelial ovarian carcinomas
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